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Abstract 
 
The Natural History of Cave-Associated Populations of Eurycea l. longicauda with Notes on 
Sympatric Amphibian Species 
 
 
 
KEVIN W. SAUNDERS.  Dept of Biological Science, Marshall University, 1 John Marshall Drive, 
Huntington, WV, 25755 
 
 
 
The purpose of this study was to collect data on the natural history of the Long-tailed Salamander 
(Eurycea l. longicauda) in eastern Kentucky and West Virginia.  The objectives of this research included 
characterization of epigean and hypogean habitat for this species, recording distances moved by 
individuals in populations associated with caves, and collection of data on courtship, oviposition, and 
larval development.  The primary study site was Carter Caves State Park in Olive Hill, Kentucky.  This 
area was visited from October 2007 to December 2008.  Salamanders were photographed for 
identification based on unique pattern aberrancies and distances were measured between the encounter 
points when individuals were recaptured.  Some individuals were observed to move considerable 
distances in relatively short periods of time while others appeared to remain in small areas for much of the 
year, but the cause of these different movement patterns is unknown.  Eggs were not located, but larvae in 
a state of delayed development were located in a Greenbrier County, West Virginia cave.  Data on 
sympatric amphibian species in caves are also discussed.      
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Chapter 1:  Species Description 
Eurycea l. longicauda, the Long-tailed Salamander, is so named because its tail becomes longer 
relative to its body length with age and commonly accounts for 60-65% of an adult’s total length.  Dorsal 
coloration ranges from yellow to brownish orange with numerous black spots.  The ventral surface is pale 
yellow and either unmarked or faintly mottled with grayish spots.  Adults measure 10-19.7 cm in total 
length (Conant and Collins, 1998) and there are normally 13 or 14 costal grooves.  Males in breeding 
condition have prominent cirri, papillose cloacal lips, hedonic glands on the tail, and elongated maxillary 
teeth.  Females may also have cirri, but they are much less prominent than those of males (Petranka, 
1998).  Females tend to be larger than males as adults (Hutchison 1956; McDowell and Shepherd, 2003).      
 Larvae have a stream type morphology with streamlined bodies, short gills, and a dorsal fin not 
extending beyond the rear limbs.  Hatchlings range from 10-12 mm SVL and 17-19 mm TL.  The dorsum 
is cream colored with a distinct dark middorsal stripe and dark mottling on each side of the body.  As 
larvae mature, the pattern begins to resemble that of adults, though they do not attain the coloration of 
adults until some time after metamorphosis (Petranka, 1998).   
 There is currently one other subspecies in this complex, Eurycea l. melanopleura, the Dark-sided 
Salamander.  This subspecies occurs in the western extent of the species’ range and differs in appearance 
by having a broad, dark stripe marked with numerous light flecks along each side.  Specimens showing 
intermediate patterning occur in southwestern Illinois, eastern Missouri, and northeastern Arkansas where 
interbreeding occurs (Petranka, 1998).  
 While formerly considered a subspecies of E. longicauda, Eurycea guttolineata, the Three-lined 
Salamander, has been elevated to species status by Carlin (1997) on the basis of genetic differences.  This 
species occurs generally to the south of other members of the Eurycea longicauda complex along the 
Coastal Plain.  It maintains the dark mid-dorsal stripe present in larvae throughout adulthood.  Its dorsum 
is yellowish orange to yellowish brown and a conspicuous dark stripe runs along each side of the body 
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sometimes containing light colored spots.  Vertical bands on the tail often partially fuse to form a dark, 
wavy stripe.  The ventral surface is conspicuously mottled with numerous greenish gray to black and 
white blotches (Petranka, 1998). 
 In the process of conducting this research, several observations were made concerning E. l. 
longicauda from Carter County, Kentucky.  While it was generally possible to determine where 
individuals had regenerated tails due to differences in coloration and pattern on the posterior portion of 
the tail, it was also determined that some individuals regenerated tails which could not be distinguished 
from the originals.  This was first realized when individuals were measured with tail lengths not much 
greater than their snout-vent lengths.  In some cases, it could not be determined where the original tail had 
broken even after close inspection.  It was also determined that the disproportionate growth of the tail 
occurs primarily at the distal tip.  This was documented by comparing photographs of juvenile specimens 
and noting that the pattern of the tail was largely unchanged except for the area near the tip after 
individuals had undergone measurable growth.   
 I also found that the tail of these salamanders is prehensile.  This was observed on numerous 
occasions when individuals would suspend themselves by their tails alone or lift themselves in a 
backward motion up on to a perch by their tails.  Hutchison (1956) claims that the tail is not as prehensile 
as that of E. lucifuga, and is easily broken by handling.  My experience contrasts sharply with these 
claims, since many individuals were seen utilizing their tails when climbing, and only one individual I 
handled detached its tail.  A rock had been accidently set back in place in such a way as to pinch the tail 
under its weight, which would likely provoke any salamander to shed its tail.  On large individuals with 
what appeared to be original tails, even the very thin distal portion of the tail was shown to have 
surprising strength and dexterity.  Figure 1 illustrates the ability of these salamanders to support their 
body weight with their tails alone.   
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 While many animals with prehensile tails will constantly try to grip some perch to anchor 
themselves, E. l. longicauda does not seem to do so.  After handling a considerable number of individuals 
and attempting to photograph their displays of prehensility, I was left with the impression that the 
salamanders only use their tails to grip a perch when absolutely necessary.  However, once they have 
been provoked to do so, their ability to utilize the tail as a fifth limb is unquestionable.  While E. lucifuga 
was only located on the two trips to Greenbrier County caves in West Virginia and therefore not 
encountered as frequently in this study, I could not discern any difference in tail prehensility between the 
two species.   
 While often encountered under cover on the ground, many E. l. longicauda were found in rock 
crevices and on cave walls and it appears they are able to scale vertical surfaces with ease.  Captive 
individuals were observed scaling the vertical sides of smooth plastic containers and even clinging upside 
down to the horizontal lid on several occasions.  There are also reports of this species climbing vegetation 
when foraging (Anderson and Martino, 1966; Nate Nazdrowicz and John MacGregor pers comms).  
These observations suggest that this subspecies is well adapted to climbing and often does so while in 
both subterranean and epigean situations.   
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Figure 1:  Prehensile tail of E. l. longicauda. 
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Figure 2:  E. l. longicauda from Carter County, Kentucky. 
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Figure 3:  E. l. longicauda larva.                   
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Chapter 2:  Overview 
While several publications have shed some light on the natural history of E. l. longicauda, there is 
still much that is not well understood about this species including movement patterns, territoriality, 
competition with other species, courtship, oviposition, and larval development.  Mohr (1944) provided 
information on the movement of these salamanders, but there is little else published on this topic.  Jaeger 
(1988) conducted studies of territoriality with E. guttolineata, but no such studies have been repeated for 
E. longicauda.   
 Hutchison (1956) and Woolley (1970) examined the ecological interaction of E. longicauda and 
E. lucifuga.  However, it seems that no consistent pattern has been observed at this time which governs 
the success of one species over the other in areas where they are sympatric.  Furthermore, E. longicauda 
may compete with other species in a cave environment such as cave-associated Plethodon, but there is no 
data available on such interactions at this time.  Only partial courtship of E. longicauda has been observed 
(Cooper, 1960) and the eggs of this species have rarely been found (Franz, 1964; Ireland, 1974; Mohr, 
1943).  Larval development of the longicauda complex is variable and while there are multiple accounts 
detailing this variation (Anderson and Martino, 1966; Bishop, 1941a; Bruce 1970; 1982; Dodd and 
Griffey, 2001; Franz, 1967; Franz and Harris, 1965; Freeman and Bruce, 2001; Ireland, 1974; McDowell, 
1989; Rudolph, 1978; Taylor and Mays, 2006), it remains unclear what factors influence the duration of 
the larval period and how.  Environmental variables which may influence the rate of larval development 
include temperature, prey abundance, and habitat permanence.           
 The objective of this study was to compile a review of the relevant literature and make 
observations and record data which would lead to a better understanding of the life history of E. l. 
longicauda in West Virginia and eastern Kentucky.  Specifically, the goal of this research was to 
document seasonal movement patterns and reproduction, although I was unable to observe courtship or 
locate the eggs of this species.  An unexpected consequence of this research was the collection of data on 
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Plethodon kentucki in the caves of eastern Kentucky.  There is currently nothing published concerning 
this species in caves although it was one of the most abundant species in the karst region of Kentucky 
where much of this research was conducted.     
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Chapter 3:  Materials and Methods 
Carter Caves State Park was visited at irregular intervals from October 2007 to December 2008.  
Twenty six visits to the park were made and two trips to caves in Greenbrier County, West Virginia were 
taken on September 12 and November 7, 2008.  The primary purpose of the trips to Carter Caves was the 
documentation of E. l. longicauda patterns for individual recognition.  In the winter months when this 
species could not be located, potential oviposition sites were examined in an attempt to locate eggs and 
larvae.           
 On most visits to Carter Caves, surface habitat around the welcome center was investigated for 
salamanders.  On each visit, Cascade Cave and the Underground Waterfall and the surrounding areas 
were also investigated.  Since these areas were sampled more consistently than any others, all 
salamanders captured at these locations were photographed from various angles to document their unique 
pattern aberrancies.  I set up a catalog of these digital pictures for review on a computer and later 
comparisons made it possible to document recaptured individuals.  While other areas of the park were 
visited periodically to determine habitat preferences, individuals encountered in such locales were not 
included in the mark-recapture analysis due to infrequent sampling of these other areas.      
 The second individual encountered in 2008 was a juvenile and was maintained in captivity for 
five months to document the degree of pattern change during this period of relatively rapid growth.  It 
was found that the pattern changed little during this period, indicating that the use of individual pattern 
recognition is plausible for this species, at least for short-term studies such as this one.   
Individual salamanders were photographed with an Olympus Stylus 790 SW digital camera when 
encountered.  A Pro Exotics PE-2 infrared laser thermometer was used for measuring surface 
temperatures.  This was done to quantify temperatures of substrate beneath stones and other cover objects 
where salamanders were found.  A Speedtech Sky Master weather meter was used to quantify ambient 
temperature and humidity.  Many suspect readings were given for humidity, so humidity values were not 
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used in any analyses due to their reduced accuracy.  The laser thermometer was used to check surface 
temperatures of various objects for comparison with ambient temperature readings, and close agreement 
was found between the two.  Therefore, ambient temperature readings were considered to be accurate.  A 
six-inch Avenger digital caliper was used for all measurements of salamanders.  An Oakton pH Testr 10 
was used to determine the pH of water and water temperature was measured with an ethanol thermometer. 
 The first trip to the Greenbrier County, WV caves was undertaken to assist Casey Bartkus in 
swabbing E. lucifuga to test for chytrid fungus.  In the process, several E. l. longicauda were found and 
larvae were discovered in a series of rimstone pools.  Data were taken on these larvae, three of which 
were collected and maintained in captivity.  Counts for E. lucifuga and E. l. longicauda were also 
recorded for each cave since there appeared to be some degree of segregation between the species which 
may warrant future investigation, but individuals were not photographed for pattern recognition since 
these caves were not visited frequently.  The second trip to the caves in this region was specifically aimed 
at locating eggs and larvae of E. lucifuga and E. l. longicauda.     
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Chapter 4: Site Descriptions 
I conducted the bulk of this research at Carter Caves State Park in Olive Hill, Kentucky although 
two trips to privately owned caves in Greenbrier County, West Virginia were also made.  Carter Caves 
State Park consists of two separate tracts of land, both of which were visited for field research.  The park 
proper was searched around the welcome center on nearly every visit and salamanders were found to be 
abundant in the surrounding habitat.  While there are numerous caves scattered throughout this area, all 
observations from this portion of the park were considered to be representative of a surface population. 
The other portion of the park contains the Cascade Cave system which was sampled on every 
visit.  Cascade Cave has been a tourist attraction since 1925 (McGrain, 1966).  It appears to be formed 
entirely in Ste. Genevieve limestone and contains a variety of speleothems.  Passes through Cascade Cave 
were made with searches focused in the vicinities of the walled entrance and exit where salamanders were 
found to be most abundant.  This course resulted in a roughly J-shaped path taken through the cave.   
The nearby Underground Waterfall which is a part of the same cave system was also searched on 
each visit.  Its entrance is approximately 100 yards west of the exit from Cascade Cave.  This cave also 
has a walled up entrance where salamanders were abundant for much of the year.  These walled entrances 
and exits are constructed of large stones and mortar around locking doors in order to keep out intruders.   
Cascade Cave and the Underground Waterfall are lighted and have had extensive modifications 
such as stairways and handrails to facilitate the daily cave tours.  Despite these alterations, each cave 
appears to support large salamander populations.  The course taken through Cascade Cave is a long 
walking passage while the Underground Waterfall is a relatively short and steep descent down a stairway 
ending at an overlook of a vertical pit approximately 3.7 meters above the bottom of the waterfall for 
which the cave was named.        
Another opening to the same cave system called the Back of Cascade Cave is a short hike away in 
a wooded area off the main trail.  It is a wild cave with no gate and is unknown to most park visitors.  
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This cave is typically dry near the entrance with a substrate of many rocks and boulders, but has 
considerable sand deposits toward the rear of the passage where a subterranean stream intersects it.  This 
cave was visited periodically throughout the study period, but not as consistently as the rest of the 
Cascade system.   
Beginning in the fall of 2008, Sandy Cave was also visited regularly and appeared to have a large 
population of E. l. longicauda.  Sandy Cave is not gated and is unknown to most visitors of the park as 
well, being located just a short distance from the Back of Cascade Cave.  Sandy Cave’s entrance is at the 
base of a ravine and remains flooded all year.  There is evidence to suggest that the entire cave passage 
floods periodically and several large pools persisted on the floor each time it was visited.  It is a long cave 
which increases in elevation toward the rear extent of the passage.  At the farthest point I was able to 
explore, much of the wall and ceiling appears to be composed of clay, some of which collapsed between 
visits.       
Rimstone Cave was also visited three times due to a series of large rimstone pools in the rear of 
the cave passage which seemed to provide an ideal site for oviposition and larval development.  This cave 
was situated in a ravine approximately 3.2 kilometers from the park’s welcome center and is not known to 
the majority of the park’s visitors.  Water levels within the cave were noted to fluctuate between visits, 
but it seems that the main series of rimstone pools always contains a considerable amount of water. 
On the first caving trip to Greenbrier County, West Virginia, Casey Bartkus and I visited 
Buckeye Creek Cave and Higginbotham’s Cave # 1.  On the next trip, we visited Lost World Caverns and 
Norman Cave and briefly examined the entrance to Buckeye Creek Cave.  Buckeye Creek Cave follows a 
stream passage, but has several side rooms and passages.  This cave can flood in winter and spring due to 
increased rain and snowmelt.  There is a cobble substrate near the entrance of the cave which gradually 
shifts to alluvial sand and soil deposits deeper in the cave.   
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There is a series of at least four Higginbotham’s Caves and it was our initial intent to visit 
Higginbotham’s #2.  We later determined that the cave we found was in fact not Higginbotham’s #2, but 
most likely Higginbotham’s #1.  This cave had one entrance which branched into two passages that did 
not seem to connect.  Each passage followed a stream, one sandy and one with a gravel substrate.   
The entrance to Norman Cave that we visited is a small crevice at the base of a rock face.  Upon 
crawling down through this crevice, a flooded passage of roughly tubular shape is revealed.  This passage 
was generally high enough to stand upright in and had several side passages.  At the time of our visit, it 
was flooded to a depth of approximately 0.9 meters near the entrance and gradually became shallower as 
we explored the deeper reaches. 
 Lost World Caverns is accessed by following a manmade tunnel from the interior of the welcome 
center into the actual cave below.  On our visit to this cave, we followed a roughly circular path along the 
boardwalk constructed for tourists.  We were given permission to leave this boardwalk and explore some 
of the surrounding rimstone pools and rock crevices.  Unfortunately tourists had thrown large numbers of 
coins into many of the pools, and the water quality seemed questionable in many cases where this 
occurred.  Furthermore, there was algal growth in this cave due to the long periods of illumination to 
facilitate tourism.  This unnatural plant growth was controlled by washing down the walls with a chemical 
solution from a hose.  Despite these impacts to the cave system, salamanders were still located during our 
visit and there were many larval salamanders present in the cave’s pools in the spring (Steve Silverberg, 
pers. Comm.). 
 
 
 
 
14 
 
Figure 4:  Inside the Cascade Cave entrance. 
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Figure 5:  Reid Downer inside the Cascade Cave exit. 
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Figure 6:  Inside the Underground Waterfall entrance. 
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Figure 7:  Reid Downer above the Back of Cascade entrance. 
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Figure 8:  Rimstone pools in the rear of Rimstone Cave. 
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Figure 9:  Entrance to Buckeye Creek Cave. 
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Figure 10:  Casey Bartkus near the entrance to Norman Cave. 
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Chapter 5:  Habitat 
Habitat preferences of Eurycea l. longicauda are variable and this species seems adaptable to a 
variety of conditions.  Conant and Collins (1998) report that they may be found in rotting logs, under 
stones, in shale banks near seepages, at streamsides, and often in caves.  Petranka (1998) lists cover near 
the margins of shaded seepages, streams, or springs, but notes that they are sometimes found far from 
water in forested habitats.  He also notes that they can be locally abundant in wet shale banks and in or 
near mines and caves.  Green and Pauley (1987) add piles of debris and stacks of firewood as suitable 
refugia and note that this species is frequently found in association with Desmognathus fuscus (Northern 
Dusky Salamander), E. cirrigera (Southern Two-lined Salamander), E. bislineata (Northern Two-lined 
Salamander), and in rock crevices with Aneides aeneus (Green Salamander), indicating a wide range of 
tolerable habitats.  Anderson and Martino (1966) reported many specimens from forested pond margins in 
New Jersey.   
It was in these same ponds that Anderson and Martino located E. l. longicauda larvae in leaf litter 
and aquatic vegetation.  While the larvae have a stream-type morphology, they seem to frequent the more 
sluggish areas with reduced flow in lotic situations (John MacGregor and Nate Nazdrowicz pers. comms.) 
which might explain why they are capable of developing in lentic habitats as well.  Larvae have been 
reported from ponds (Anderson and Martino, 1966), cave pools (Taylor and Mays, 2006; Dodd and 
Griffey, 2001; Hutchison, 1956), subterranean streams (Mohr, 1943; McDowell and Shepherd, 2003), 
spring houses (Nate Nazdrowicz pers. comm.), surface streams (McDowell, 1988), a lake (Franz and 
Harris, 1965), and a pool at the base of a rock cliff (McDowell, 1989).  Larvae of E. l. melanopleura have 
been found in spring-fed ponds (Ireland, 1974) and cave-associated streams (Rudolph, 1978).  Eurycea 
guttolineata larvae have been reported from bogs and pools along sluggish streams (Freeman and Bruce, 
2001), grassy pools in wet pasture, a spring house, and a wooded pond (Bruce, 1970). 
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The individuals located in the course of this research were almost always found in terrestrial 
situations.  In surface habitat, they were most frequently encountered under stones in or near forested 
areas.  Occasionally they would be found beneath stones at the margins of streams or seeps, but they were 
much more commonly encountered some distance away from water.  At night they were found crawling 
on vertical rock faces and in and around rock crevices.  This contrasts with some reports of these 
salamanders preferring more aquatic habitats (McDowell and Shepherd, 2003; Mike Pingleton and Kevin 
Stohlgren, pers. comms).  This is likely due to regional variation however, as others report finding this 
species in terrestrial areas (Bishop, 1941a; John MacGregor and Tom Pauley pers. comms.).  In the course 
of this research no individuals were ever seen in water, although a few were found immediately adjacent 
to pools and streams.   
In caves, they were found under debris on the floor, in crevices, and on walls, but never in any of 
the streams or pools examined within the caves.  However, they were found in some caves which 
periodically flood and troglophilic Plethodon which are unquestionably terrestrial were always absent 
from these same caves.  Therefore, it seems that populations of E. l. longicauda examined in this study 
were primarily terrestrial and probably only entered aquatic environments for oviposition.   
Of particular interest was the discovery of some salamanders in terrestrial situations on very hot, 
dry days.  Anderson and Martino (1966) reported finding E. l. longicauda on days when the temperature 
exceeded 100 degrees Fahrenheit [37.8 degrees Celsius].  Dr. Tom Pauley and John MacGregor (pers. 
comms.) report finding this species beneath cover on exposed surface mine sites in xeric conditions.  The 
highest temperature I recorded for an individual was on June 13, 2008.  It was found under a stone at the 
margin of a forested area when the ambient temperature was 28.1 degrees Celsius.  The surface 
temperature of the substrate beneath this stone was 24.8 degrees Celsius.  While others were found when 
ambient temperatures were higher, this was the greatest surface temperature recorded at the exact point 
where a salamander was found.  This salamander felt warm to the touch and was very active in attempting 
to escape, but did not show any apparent ill effects related to the heat.  Hutchison (1958) reports a mean 
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critical thermal maximum of E. l. longicauda as 92.8 degrees Fahrenheit [33.8 degrees Celsius].  While 
other salamanders such as Pseudotriton r. ruber and Plethodon kentucki were located in similarly xeric 
areas in the course of this research, none were ever encountered with such high surface temperatures 
beneath their cover.     
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Figure 11:  Surface habitat near Carter Caves welcome center where E. l. longicauda were found. 
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Chapter 6:  Diet 
While dietary studies of E. l. longicauda are generally scarce, there are scattered accounts of the 
dietary preferences of this species and its similar forms.  It seems that these salamanders are essentially 
generalists although they may prefer some prey items over others.  Anderson and Martino (1967) 
compared the gut contents of E. l. longicauda from New Jersey pond margins to those from abandoned 
mines less than five miles [8 kilometers] away.  Of the nine individuals found in the mines, only seven 
contained identifiable prey items.  Of the 85 individuals collected near ponds, 40 had identifiable gut 
contents.  Despite the small sample size from the mines, some differences were apparent between the two 
populations.   
Anderson and Martino found that beetles and beetle larvae in particular were the most commonly 
consumed prey item of the individuals from surface habitat, followed by spiders.  Isopods were found to 
be the most abundant prey item in this habitat, and they were represented, but not in proportion to their 
abundance.  Only one stomach contained the remains of an earthworm, despite their abundance around 
the pond margins.  This may be due to the tendency of earthworms to rapidly deteriorate in the digestive 
tract of the salamanders, since individuals have eagerly accepted earthworms in my experience.   
From the subsurface sample, spiders were the most commonly eaten prey item followed by 
isopods, crickets, and pseudoscorpions.  These invertebrates were all commonly encountered in the mine.  
Centipedes and millipedes were found to be common in the mines, but were more abundant on the surface 
near the pond margins.  They were completely absent from the salamanders examined from surface 
habitats however, and are present in the diet of the individuals from the mines.  One adult collected in the 
mine had consumed four large millipedes.  This led Anderson and Martino to conclude that in situations 
where prey variety was limited, a greater number of preferred items such as spiders would be consumed 
and prey which would otherwise be avoided such as centipedes and millipedes would be taken.   
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In a previous study, Hutchison (1958) reported that dipterans dominated the diet of E. l. 
longicauda collected in caves with isopods, crickets, and beetles representing other important prey items.  
Spiders occurred in only one of the 10 salamanders sampled by Hutchison.  While the dipterans were 
found to be important in Hutchison’s research, they were also the most abundant prey item in the caves he 
sampled in Virginia.  They were not seen in the mine shafts that Anderson and Martino examined, which 
may explain the difference in gut contents between these populations, although it is possible that this 
represents a geographic variation in dietary preference. 
Eighty-two specimens from Pennsylvania contained mostly isopods, spiders, and centipedes.  
Other prey items found in fewer specimens included beetles and beetle larvae, leafhoppers, ants, snails, 
crickets and grasshoppers, and larval lepidopterans and dipterans.  There is no mention of the origin of 
these specimens, and I was not able to locate additional information on the collection sites to determine if 
these salamanders represented individuals from epigean or hypogean habitats (Hulse et. al., 2001).   
Carey (1982) examined the stomachs of 21 E. guttolineata from six Mississippi caves.  
Springtails, isopods, slugs and their eggs, spiders, snails, and ants were the most commonly consumed 
prey items.  Stomachs of gravid females and mature males during the fall breeding season were found to 
be empty, suggesting a restricted intake of food during this period.  The stomachs of 60 E. guttolineata 
from Florida predominantly contained crickets, spiders, beetles, and flies (Tinkle, 1952).   
Woolley (1970) examined the digestive tracts of six E. l. melanopleura collected in caves and 
found flies, spiders, beetles, and snails to be the most commonly consumed prey items.  He also observed 
a large E. lucifuga consuming a snail in a cave and documented the process.  Upon noticing the slow 
movements of the snail several inches away, the salamander turned toward it and advanced, but then 
paused and continued to follow its movements.  It then slowly lowered and extended itself, gradually 
opening its mouth and turning its head slightly to the left before grasping and swallowing the prey.  The 
tongue was not observed to be projected in securing the prey.  A newly metamorphosed individual I 
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maintained in captivity made several unsuccessful attempts to capture a soldier fly larva with its tongue.  
The salamander then walked up to the maggot and grasped it directly in its mouth without the assistance 
of the projectile tongue.  These observations suggest that the tongue is not always used to secure prey.      
It is currently unknown exactly how these salamander feed in the aphotic zone of caves, mines, 
and other subterranean retreats.  The projectile tongue used to capture prey is oriented by visual cues, 
which would seem impossible in such situations where light can not penetrate.  Experiments have been 
conducted with Hydromantes to show that they can catch prey with the tongue in complete darkness, but 
there are no direct observations of exactly how this is achieved (Stephen Deban, pers. Comm.).  Olfaction 
is thought to be of greater importance when locating prey in these situations, but it remains unclear 
exactly how invertebrates are captured in the absence of light (Miller et al, 2008).   
Individuals maintained in captivity during this study were found to consume Acheta domestica 
(crickets), larval Hermetia illucens (black soldier fly maggots), Folsomia candida (springtails), larval 
Tenebrio molitor (mealworms), Drosophila melanogaster and D. hydei (fruit flies), and earthworms.  
Larvae accepted fruit flies, frozen brine shrimp, earthworms, and commercial newt and salamander 
pellets.  Rudolph (1978) reported that the larvae of E. l. melanopleura consumed primarily ostracods and 
larval dipterans.   
On two separate occasions, individuals attempted to eat the end of a wire coat hanger when I 
inserted it into rock crevices to prod them out.  This was a feeding response as opposed to an aggressive 
act, since the projectile tongue was extended in the process.  This only happened in the walled up 
entrances to caves where I often encountered salamanders at Carter Caves State Park.  This may indicate 
that these areas serve as feeding stations since invertebrates were more abundant there than anywhere else 
in the caves.  These areas probably serve as important ecotones for foraging salamanders since prey 
abundance would be greater than the deeper portions of the cave, while environmental conditions would 
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be more stable than in the surface habitat.  On several occasions, very distended individuals which had 
obviously consumed large amounts of food were captured from the crevices of walled cave entrances.   
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Figure 12:  E. l. longicauda consuming an earthworm. 
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Chapter 7:  Movement and Phenology 
Introduction: 
While many plethodontid salamanders are aggressive toward other members of their species and 
spend their lives in relatively small territories, the Eurycea longicauda complex appears to be gregarious 
(Jaeger, 1988) and individuals have been observed to move long distances in short periods.  These 
movements over great distances seem to occur primarily in response to seasonal changes and large 
aggregations of this species have been reported in association with their winter breeding locations (Mohr, 
1944; Nate Nazdrowicz pers. comm.).  Despite the unusual nature of this behavior within the family 
Plethodontidae, relatively little has been published on the movements of the E. longicauda complex.   
Mohr (1944) documented a population leaving a Pennsylvania mine in May and returning in August 
representing a movement of at least 300 feet [91.4 meters].  To date, his publication is the only one which 
quantifies the movement of this species, although he did not track the movements of individual 
salamanders as I did.  He recorded peak abundances in the mine in April and October, representing the 
beginning and end of surface activity periods.  Other accounts detailing the phenology of E. l. longicauda 
agree well with this period of surface activity (Anderson and Martino, 1966; Hulse et al., 2001). 
Materials/Methods: 
In order to document the movement patterns of these salamanders, individual E. l. longicauda 
were photographed in the Underground Waterfall, Cascade Cave, or the surrounding surface habitat.  By 
maintaining a photographic index of each individual seen in this area with data on their locations at the 
time of encounters, it was possible to determine how far individuals moved between sightings.  Every 
individual found in this area was photographed to obtain clear representations of the dorsal and lateral 
pattern.  By visually checking each new individual encountered against all existing photographic records, 
it was possible to determine if salamanders from each trip had been encountered previously.  There is a 
31 
 
degree of subjectivity involved in this method, but I evaluated the pattern of every single salamander 
photographed for the greatest possible consistency.     
When individuals were encountered, their location was noted relative to a permanent landmark.  
This was easily accomplished where installed lights and handrails were present at different intervals in 
cave passages.  In situations where position relative to such landmarks was not easily describable, 
photographs were taken of the point at which salamanders were encountered.  Using these photographs in 
conjunction with a brief description of the surrounding landmarks, it was possible to determine exactly 
where salamanders had been seen previously, even if they had been encountered on a nondescript portion 
of the cave floor.   
Salamanders were photographed as early as October 2007, but details concerning the point of 
encounter were too vague to allow for measurement from these first encounter sites.  Locations were 
recorded with sufficient accuracy to narrow the point of encounter down to a small area.  Female #1 was 
the only individual documented on this first trip which was subsequently recaptured and was therefore the 
only individual encountered both before and after the disappearance of this species during the winter of 
2007.   
On December 14, 2008, distances between points of encounter for each individual were 
measured.  This was accomplished by stretching a flexible measuring tape between the points over the 
shortest possible path following the contours of the floor and/or walls of the caves.  While this likely 
underestimates the actual distance moved by the salamanders between encounters, it was considered to be 
the most accurate method available in this situation.  On August 22 and 29, 2008, two passes through the 
Cascade Cave and Underground Waterfall were made; one in the afternoon and one after dark.  This was 
done to measure short-term movements of individuals.  Measurements of these movements were made at 
the time of the second pass through the caves. 
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Results: 
Some salamanders escaped before they could be photographed and on rare occasions salamanders 
could not be extracted from crevices and only poor quality photographs of a small portion of their bodies 
could be obtained.  Escapes were still documented for the purpose of generating counts on each visit, 
although it is likely that some potential recaptures escaped before they could be photographed.  Table 4 
shows the data collected for all individuals photographed in the course of this study.   
Seventeen individuals were encountered more than once near the entrance to Cascade Cave while 
11 were encountered on more than one occasion near the Cascade Cave exit.  No individuals were found 
moving from one end of the cave to the other within the scope of this study, but individuals were located 
in the surface habitat between the two cave openings.  Only six individuals were encountered on more 
than one occasion in the Underground Waterfall.   
At the Cascade Cave exit and the Underground Waterfall, individuals were located twice within 
one day in an attempt to document short-term movements.  This was accomplished by examining the 
caves in the afternoon and then repeating the same path after dark and only one individual was found on 
each pass through at these locations.  Individual #63 found near the Cascade Cave exit had moved 1.2 
meters in approximately four hours (0.3 meters/hour) while # 67 in the Underground Waterfall had moved 
5.5 meters in the same time frame (1.38 meters/hour).  Figures 1, 2, and 3 detail the movement data 
collected in the study caves for each individual encountered on at least two occasions during the study 
period. 
Discussion: 
Overall, movements of the greatest distance seemed to occur in August and September of 2008.  
The last time E. l. longicauda was observed at the park was November 1, 2008.  However, these 
individuals were recently transformed and found on the surface near the welcome center.  In 2008 I did 
not find this species until April in surface habitat and the first specimens encountered at this time were 
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also juveniles of the same size class as those which had recently transformed.  It was not until early May 
that any individuals were located in the caves.  The last time this species was encountered in the caves 
was October 10, 2008, representing a period of approximately six months when this species was 
encountered at Carter Caves.  The timing of the greatest movements of these salamanders deeper into the 
cave passages corresponds well with the timing of the disappearance of the species from the surveyed 
portions of the study caves.  The monthly abundance of this species in the study caves in 2008 is 
illustrated in Figure 13.     
At the Cascade Cave exit, most encounters were centered around the walled-up cave opening.  
While individuals were occasionally encountered outside the entrance and deeper into the cave passage, 
fewer salamanders were seen in the interior of the cave here than at the Cascade Cave entrance.  This may 
be due to the convergence of three separate passages in this area, only one of which was examined 
consistently due to time constraints.  This could allow the salamanders to move within either of the other 
two passages largely unnoticed.  This is likely the reason that fewer movements over long distances were 
recorded at this site.           
Due to the smaller size of the Underground Waterfall passage, I observed fewer recaptures here 
than in either of the Cascade passages.  However, the same trend of increased movements from August to 
September seems to apply here as well.  There are also many more inaccessible areas within this passage 
than in the Cascade Cave passages which may have allowed salamanders to go unnoticed on many visits.  
On October 24, 2008, permission was granted for me to climb down to the base of the waterfall in this 
cave.  It was hypothesized that since salamanders had not been seen in the caves immediately prior to this 
visit, they would be congregating in the pools of water beneath the waterfall for courtship and oviposition.  
However, no salamanders were observed at that time.   
Several individuals such as # 44, 53, and 101 were documented moving long distances within the 
Cascade Cave entrance passage.  At the peak of their migrations, I recorded movement rates between 
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encounters of 0.62 meters per day for individual # 44, 1.2 meters per day for # 53, and 1.96 meters per 
day for # 101.  The timing of these movements precedes the disappearance of the species in the winter 
months and presumably represents a migration toward winter reproductive sites.   
However, other salamanders were found to remain relatively stationary during this same time 
period.  For example, Individual #28 was found from late March to mid September of 2008 at the same 
location near the entrance of Cascade cave and was not documented moving within the cave passage at 
all.  Also, individual #1 never moved more than 3 meters between encounters and was always found in 
the same general area on a cave wall.  Furthermore, she was found at approximately the same location in 
October of 2007 as she was from July to September of 2008.  Therefore it appears that she did not make 
any considerable migrations within the cave system although her rate of movement did appear to increase 
in September.  I hypothesize that she simply moved deeper into the crevices of the cave wall as the winter 
season approached.   
This is the most likely scenario for all of the individuals found in these caves since there was a 
passage of considerable length between the Cascade entrance and exit where the salamanders were never 
seen.  This suggests that they do not simply move deeper into the main cave passage, but take refuge deep 
within the small crevices where they can not be observed during the winter months.  Therefore, it seems 
that while some individuals move relatively long distances in response to seasonal shifts, others remain in 
the same general area until the sudden disappearance of the species in the winter months.  
I compared notes on individuals which moved great distances with those that were found to move 
very little, but size, sex, and reproductive condition did not explain the differences in these movement 
patterns.  Therefore, it is difficult to determine why some individuals migrate as much as 30 meters in 
response to seasonal changes while others of a similar demographic remain relatively sessile.  While E. l. 
longicauda were generally more abundant in the deeper cave passages in October, they could still be 
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found near the cave entrances.  This suggests that not all individuals move to the deeper portions of the 
caves before their winter disappearance.   
Casey Bartkus visited Rt. 219 Cave and Norman Cave in Greenbrier County and reported finding 
E. lucifuga and E. l. longicauda in approximately equal numbers near the cave entrances on September 
26, 2008.  When I visited Norman Cave with him on November 7, 2008, E. lucifuga were still abundant 
near the entrance to the cave although E. l. longicauda were not seen here.  After we had moved much 
deeper into the cave passage, four E. l. longicauda were encountered, two of which were gravid females.  
This was well beyond the point where any other salamander species were seen in the cave, so it seems 
that their winter migration was responsible for their apparently reduced abundance in the cave at that 
time.  This indicates a rapid movement of E. l. longicauda in this cave from a somewhat concentrated 
abundance near the entrance to limited numbers deep within the cave passage within a two week period. 
It is unknown where gravid females oviposit in the Cascade Cave system since eggs and larvae 
were never found there.  Recently metamorphosed individuals were never found within the cave system, 
so it seems that the larvae or newly transformed juveniles exit the cave at some point.  Larger juveniles 
and subadults were occasionally encountered in this cave system, but always near cave entrances which I 
presume indicates their immigration to these areas from surface habitat.  Juveniles of a size that would 
indicate relatively recent metamorphosis were found near the entrance to the Back of Cascade Cave on a 
few occasions, but they were so far displaced from any known body of water that it was not possible to 
estimate their point of origin.    
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Table 1:  Movement of individual E. l. longicauda at Cascade Cave Entrance. 
ID # Date of encounter Sex Distance moved since 
last encounter (meters) 
1 10/13/07 F N/A 
1 7/24/08 F ? 
1 8/22/08 F 0.3 
1 9/6/08 F 1.5 
1 9/19/08 F 3 
1 9/26/08 F 1.8 
11 5/7/08 ? N/A 
11 6/13/08 ? 2.4 
28 5/23/08 F N/A 
28 9/6/08 F 0 
28 9/19/08 F 0 
33 6/13/08 ? N/A 
33 6/20/08 ? 4 
33 8/1/08 ? 5.8 
35 6/13/08 ? N/A 
35 6/20/08 ? 5.6 
35 7/3/08 ? 5.9 
35 7/24/08 ? 2 
35 8/29/08 ? 6.6 
42 6/20/08 F N/A 
42 9/19/08 F 18 
44 6/20/08 F N/A 
44 7/3/08 F 4.9 
44 8/22/08 F 31.2 
44 9/6/08 F 0 
53 7/24/08 ? N/A 
53 8/22/08 ? 34.7 
54 7/24/08 F N/A 
54 8/1/08 F 2.7 
54 8/22/08 F 16.5 
54 9/6/08 F 0 
54 9/19/08 F 1.1 
57 8/1/08 ? N/A 
57 8/29/08 ? 6.1 
90 9/6/08 ? N/A 
90 9/19/08 ? 4.3 
92 9/6/08 F N/A 
92 9/19/08 F 0.6 
101 9/19/08 F N/A 
101 10/3/08 F 27.4 
102 9/19/08 ? N/A 
102 9/26/08 ? 4.4 
104 9/19/08 F N/A 
104 9/26/08 F 8.7 
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105 9/19/08 ? N/A 
105 10/10/08 ? 0 
106 9/19/08 M N/A 
106 10/10/08 M 10.1 
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Table 2:  Movement of individual E. l. longicauda at Cascade Cave Exit. 
ID # Date of encounter Sex Distance moved since 
last encounter (meters) 
20 5/17/08 ? N/A 
20 6/20/08 ? 3 
20 8/22/08 ? 16.8 
25 5/17/08 ? N/A 
25 7/3/08 ? 20.4 
29 5/23/08 ? N/A 
29 6/13/08 ? 0 
38 6/13/08 ? N/A 
38 6/20/08 ? 3 
38 7/24/08 ? 0 
39 6/13/08 M N/A 
39 6/20/08 M 3 
39 8/29/08 M 1.8 
45 6/20/08 ? N/A 
45 7/3/08 ? 0 
46 6/20/08 M N/A 
46 8/1/08 M 2.7 
46 8/22/08 M 0 
47 7/3/08 ? N/A 
47 7/24/08 ? 1.2 
56 7/24/08 ? N/A 
56 8/22/08 ? 0 
63 8/22/08 M N/A 
63 8/22/08 M 1.2 
95 9/6/08 F N/A 
95 9/19/08 F 3 
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Table 3:  Movement of individual E. l. longicauda at Underground Waterfall. 
ID # Date of encounter Sex Distance moved since 
last encounter (meters) 
15 5/17/08 ? N/A 
15 6/20/08 ? 1.8 
19 5/17/08 ? N/A 
19 7/24/08 ? 1.5 
64 8/22/08 F N/A 
64 9/19/08 F 14.9 
67 8/22/08 F N/A 
67 8/22/08 F 5.5 
97 9/6/08 F N/A 
97 9/19/08 F 20.7 
111 9/19/08 M N/A 
111 9/26/08 M 5.5 
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Figure 13:  Monthly counts of E. l. longicauda in Cascade Cave and the Underground Waterfall. 
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Table 4:  Data collected on all E. l. longicauda photographed for the mark-recapture portion of this 
study (C=cirri, MG=mental gland, G=gravid, NG=non gravid).     
Individual Date 
Capture 
(N/R) Sex SVL TL 
Ambient 
Temperature 
Distance 
Moved 
(meters) 
Reproductive 
Condition 
1 10/13/07 N F 65.47 145.47+ . . . 
1 7/24/08 R F . . . . NG 
1 8/22/08 R F . . 21.7 .3 NG 
1 9/6/08 R F . . 19.9 1.5 . 
1 9/19/08 R F . . 22.5 3 G 
1 9/26/08 R F . . . 1.8 G 
2 10/13/07 N M 56.3 146+ . . C 
3 10/13/07 N F 51.22 . . . . 
4 10/13/07 N . 40.3 84.2 . . . 
5 10/13/07 N . 33.6 76.4 . . . 
6 10/13/07 N . 38.4 86.2 . . . 
7 4/6/08 N . 29.7 55.2 24.1 . . 
8 4/12/08 N . 29.9 63.5 13.4 . . 
9 5/4/08 N . 41.7 95.7 21 . . 
9 9/6/08 R . 50.2 131 21.1 10.4 . 
10 5/7/08 N . . . 23 . . 
11 5/7/08 N . 56.9 144.5 20 . . 
11 6/13/08 R . 62.2 152.1 24.8 2.4 . 
12 5/7/08 N . 47.1 127.8 18 . . 
13 5/7/08 N . 51.1 122.2 . . . 
14 5/7/08 N . . . . . . 
15 5/17/08 N   54.8 142.7 . . . 
15 6/20/08 R . . . 11 1.8 . 
16 5/17/08 N . 58.1 88.4 . . . 
17 5/17/08 N . 79.7 141.8 . . . 
18 5/17/08 N . 56.2 154.5 . . . 
19 5/17/08 N . 53.6 149.3 . . . 
19 7/24/08 R . 64 164.7 20 1.5 . 
20 5/17/08 N . 56 133 14.5 . . 
20 6/20/08 R   . . 21 3 . 
20 8/22/08 R . . . . 16.8 . 
21 5/17/08 N . 56.2 134.5 14.5 . . 
22 5/17/08 N . 56.5 130.2 16.7 . . 
22 5/23/08 R . . . 13.3 2.4 . 
23 5/17/08 N . 57.9 145.8 13.3 . . 
24 5/17/08 N . 30.6 65.9 13.3 . . 
25 5/17/08 N . 53.8 129 . . . 
25 7/3/08 R . . . . 20.4 . 
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26 5/23/08 N . . . 18.3 . . 
27 5/23/08 N . . . 18.3 . . 
28 5/23/08 N F . . 18.3 . . 
28 9/6/08 R F 61 175.1 19.9 0 G 
28 9/19/08 R F 68.7 182.1 18.8 0 . 
29 5/23/08 N . . . 13.2 . . 
29 6/13/08 R . . . 21 0 . 
30 5/23/08 N . 51.7 140.7 13.2 . . 
31 5/23/08 N . . . 13.2 . . 
32 6/13/08 N . 54.6 136.8 24.8 . . 
33 6/13/08 N . 51.8 141.9 24.8 . . 
33 6/20/08 N . . . 21 4 . 
33 8/1/08 R . 60.3 151.6 24.8 5.8 . 
34 6/13/08 N . 48.9 135.7 24.8 . . 
35 6/13/08 N . 55.8 148.6 24.8 . . 
35 6/20/08 R . . . 21 5.6 . 
35 7/3/08 R . . . . 5.9 . 
35 7/24/08 R . . . 20 2 . 
35 8/29/08 R . . . 26.5 6.6 . 
36 6/13/08 N . . . . . . 
37 6/13/08 N . . . . . . 
38 6/13/08 N . . . . . . 
38 6/20/08 R . . . 21 3 . 
38 7/24/08 R . . . . 0 . 
39 6/13/08 N M 54.4 143.3 . . . 
39 6/20/08 R M . . 21 3 . 
39 8/29/08 R M 55.1 . 19.3 1.8 C, MG 
40 6/13/08 N . 48.5 107.1 28 . . 
41 6/20/08 N . . . 29 . . 
42 6/20/08 N . . . 21 . . 
42 9/19/08 R F 46.6 . 17.5 18 G 
43 6/20/08 N . . . 21 . . 
44 6/20/08 N F . . 21 . . 
44 7/3/08 R F 62 163.7 16.9 4.9 . 
44 8/22/08 R F . . 30.1 31.2 . 
44 9/6/08 R F . . . 0 G 
45 6/20/08 N . . . 21 . . 
45 7/3/08 R . . . . 0 . 
46 6/20/08 N . . . 21 . . 
46 8/1/08 R . . . 21.5 2.7 . 
46 8/22/08 R M? . . 20 0 small cirri? 
47 7/3/08 N . 60.2 152.5 . . . 
47 7/24/08 R . . . . 1.2 . 
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48 7/3/08 N . . . . . . 
49 7/3/08 N . . . 20.7 . . 
50 7/3/08 N . 43.3 107.1 22.8 . . 
51 7/3/08 N . . 
25.85 
TAIL 22.8 . . 
52 7/24/08 N . 52.1 130.3 23.7 . . 
53 7/24/08 N . 54.3 147.9 20 . . 
53 8/22/08 R . . . 22.5 34.7 . 
54 7/24/08 N . . . 20 . . 
54 8/1/08 R . 49.8 130.2 24.8 2.7 . 
54 8/22/08 R . . . 21.7 16.5 . 
54 9/6/08 R . . . 19.9 0 . 
54 9/19/08 R F 50.7 . 22.5 1.1 NG 
55 7/24/08 N . . . . . . 
56 7/24/08 N . . . . . . 
56 8/22/08 R . . . . 0 . 
57 8/1/08 N . 49 . 24.8 . . 
57 8/29/08 R   . . 20.8 6.1 . 
58 8/1/08 N . . . 21.5 . . 
59 8/1/08 N . . . 21.5 . . 
60 8/1/08 N . . . . . . 
61 8/1/08 N . . . 24.7 . . 
62 8/22/08 N M . . 20 . C 
63 8/22/08 N M . . 20 . . 
63 8/22/08 R M . . . 1.2 . 
64 8/22/08 N . . . 19 . . 
64 9/19/08 R F 60.9 164.4 12.5 14.9 G 
65 8/22/08 N M . . . . C 
66 8/22/08 N M . . 17.5 . C 
67 8/22/08 N F . . 17.5 . G 
67 8/22/08 R F . .   5.5 G 
68 8/22/08 N . . . 21.1 . . 
69 8/22/08 N . . . 21.7 . . 
70 8/22/08 N . . . . . . 
71 8/22/08 N . . . . . . 
72 8/29/08 N . 46.4 116.7 28.5 . . 
72 8/29/08 R . . . 20.9 0 . 
73 8/29/08 N M 60.3 . 26.5 . . 
74 8/29/08 N . . . 21 . . 
75 8/29/08 N . . . 17.6 . . 
76 8/29/08 N M 64.6 . 19.1 . C 
77 8/29/08 N . . . 19.1 . . 
77 9/6/08 R . 50.4 108.4 21.1 3 . 
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78 8/29/08 N . . . 19.1 . . 
79 8/29/08 N . . . 19.1 . . 
80 8/29/08 N . . . 19.1 . . 
81 8/29/08 N . . . 19.1 . . 
82 8/29/08 N . . . . . . 
83 8/29/08 N . 27.7 . . . . 
84 8/29/08 N M 56.7 . 18.5 . C, MG 
85 8/29/08 N M . . 18.5 . C 
86 9/6/08 N . . . 25.4 . . 
87 9/6/08 N . . . 25.4 . . 
88 9/6/08 N . 24.9 23.7 25.4 . . 
89 9/6/08 N . 29.3 28.7 25.4 . . 
90 9/6/08 N . . . 19.9 . . 
90 9/19/08 R . 52.1 121.8 18.8 4.3 . 
91 9/6/08 N . . . . . 
92 9/6/08 N F . . . . G 
92 9/19/08 R F . . 22.5 .61 G 
93 9/6/08 N M . . . . C 
94 9/6/08 N F 54.9 . 18.9 . G 
95 9/6/08 N F . . 18.9 . G 
95 9/19/08 R F 61.1 . 16.8 3 . 
96 9/6/08 N F . . 18 . G 
97 9/6/08 N . . . 18 . . 
97 9/19/08 R F . . 12.5 20.7 G 
98 9/6/08 N F . . . . G 
99 9/6/08 N . . . . . . 
100 9/6/08 N F 55.4 . . . NG 
101 9/19/08 N . 55.4 114.3 18.8 . . 
101 10/3/08 R F . . . 27.4 G 
102 9/19/08 N . . . . . . 
102 9/26/08 R . . . 18.4 4.4 . 
103 9/19/08 N . . . . . 
104 9/19/08 N F 65.6 177.5 22.5 . G 
104 9/26/08 R F . . . 8.7 G 
105 9/19/08 N . . . . . . 
105 10/10/08 R . . . . 0 . 
106 9/19/08 N M 57.3 . 17.5 . C, MG 
106 10/10/08 R M . . . 10.1 . 
107 9/19/08 N . 55.3 . 19.4 . . 
108 9/19/08 N . 51.4 . 19.4 . . 
109 9/19/08 N F 57.1 . 19.4 . G 
110 9/19/08 N M . . 14.8 . C, MG 
111 9/19/08 N M . . 12.5 . C 
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111 9/26/08 R M . . . 5.5 . 
112 9/19/08 N M . . . . C 
113 9/19/08 N M . . . . C 
114 9/19/08 N F . . . . G 
115 9/19/08 N M . . . . C 
116 9/26/08 N . . . 22 . . 
117 9/26/08 N . . . . . . 
118 9/26/08 N F . . 18.2 . G 
119 9/26/08 N . . . . . . 
120 9/26/08 N . . . 16 . . 
121 9/26/08 N M . . 16.7 . C 
122 10/3/08 N F . . . . G 
123 10/3/08 N . . . . . . 
124 10/3/08 N . . . . . . 
125 10/10/08 N M . . . . C 
126 10/10/08 N F . . . . G 
127 10/10/08 N . . . . . . 
128 10/10/08 N F . . . . G 
 
 
 
 
 
 
 
 
 
 
 
46 
 
Chapter 8:  Reproduction 
The reproduction of the E. longicauda complex is not well documented although several authors 
have contributed important publications on the topic.  Only partial courtship has been documented at this 
time (Cooper, 1960) and only two published accounts exist documenting the eggs of E. l. longicauda 
(Franz, 1964 and Mohr, 1943).  Ireland (1974) discovered the eggs of E. l. melanopleura, but they are 
otherwise undocumented.  Recently hatched eggs and some containing advanced embryos of E. 
guttolineata were found by Bruce (1970), but this is the only account of the eggs of this species.  Eurycea 
lucifuga appears to oviposit in similar situations, but its eggs have been encountered much more 
frequently than those of E. longicauda (Ringia and Lips, 2007; Green et. al., 1967; Longenecker, 2000).        
 Eggs are almost always encountered in underground retreats during the winter months.  Franz 
(1964) found a cluster of five eggs on November 23, 1963 in a Maryland Cave.  The cave was completely 
dry with the exception of a small area in the rear of a stream passage which formed a pool ten feet [3 
meters] long by two feet[0.6 meter] wide measuring from a few inches to three feet [0.9 meter] deep.  
Twenty-three adults were seen in this same area, and a female was found coiled among the single cluster 
of eggs.  These eggs were hanging in the air space above the water surface and were adhesive at the point 
of attachment with the appearance of water drops on the roof of the cave.  The unsegmented embryos 
measured 2.5 to 3 mm, while the outer clear membrane was 8 mm in diameter.  This cave was visited 
again on December 30, 1963 but no salamanders or eggs were observed.  The cave was again visited on 
January 18, 1964 but was flooded at the time.  Recently hatched larvae collected by Franz (1967) on 
January 31, 1965 were 18 mm TL, and another found on December 3, 1965 was 20 mm TL.  He also 
found recently hatched larvae in West Virginia caves on March 20, 1966.  Franz’s (1964) represents the 
only record of a female with eggs, which Petranka (1998) believes indicates that she was in the process of 
oviposition since no other females of this subspecies have been found attending eggs.  He suggests that 
females may deposit several small clutches of eggs in different locations since ovarian eggs are more 
numerous than clutches discovered in the field.   
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Mohr (1943) found a newly-laid clutch of E. l. longicauda eggs on January 2, 1943 in an 
unworked Pennsylvania mine.  This is the first record for the eggs of this subspecies and the only 
published documentation of their discovery other than Franz’s.  Mohr found eggs attached to the top and 
sides of submerged rocks and the edges of boards in running water.  He reports that eggs were found from 
one to thirteen inches (2.5-33 centimeters) below the surface of the water.  Some eggs were found 
scattered among the crevices in a deposit of walnut-sized stones.  Eggs were attached singly and had an 
outer envelope diameter of 8 mm and embryos measuring 3 mm in diameter.  These eggs were in the 
early stages of segmentation when first located, but still had not hatched by March 14 when four eggs 
were collected.  These hatched during removal from the mine.  Mohr reports lengths of 17, 18.5, 18.5 and 
19 mm for these newly hatched larvae after they were preserved on March 21.   Four larvae were 
collected in the mine on March 31, indicating an incubation duration of at least 85 to 90 days.  These 
larvae measured 19, 19.2, 19.7, and 20.2 mm.   
    John MacGregor has located the eggs of this subspecies, although his account is unpublished.  
He discovered them on January 11 by excavating a seep originating at the base of a tree with his hands.  
While scooping out gravel and tree roots, he discovered adult salamanders and eggs attached to roots.  
The opening he reached into when he began this work was completely submerged, so it seems likely that 
all of the eggs and adults had been under water.  However, due to the disturbance caused by this method 
of excavation, he could not be certain if the adults had been guarding the eggs or if they had perhaps been 
in an air pocket above the water (John MacGregor, pers. comm.).  He has also observed larvae with yolk 
sacs in Kentucky on February 19.  This seems to indicate that their eggs hatch from January to February 
in this region.     
 On December 9, 2008, John MacGregor encountered three adult E. l. longicauda in western 
Kentucky beneath fallen leaves along the margin of a spring-fed pool.  They were completely submerged 
within a few meters of the spring’s source and while one escaped before it could be examined, it was 
determined that the other two were gravid females.  Considering the generally terrestrial preferences of 
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this subspecies in that area, this encounter in aquatic habitat is likely an indication of imminent 
oviposition.    
 Ireland (1974) studied the reproduction of E. l. melanopleura at a trout farm in Arkansas.  His 
study site consisted of a pond measuring about 46 x 23 meters which was fed by two cave springs with 
water levels and water temperatures remaining nearly constant.  Two unattended egg clutches were 
discovered in a single row on the underside of a rock and egg diameters including envelopes were 
uniform at 7 mm.  Nine eggs were discovered in an early cleavage stage on Dec 6, 1969 and placed in a 
field pen with minimal disturbance.  On January 3, seven of the eggs contained visible larvae 
approximately 17 mm in TL.  By January 9, the seven larvae had hatched and ranged from 10-10.5 mm 
SVL.  This represents an incubation period of approximately 40 days, less than half of Mohr’s estimated 
incubation period for E. l. longicauda (Mohr, 1943).   
A second clutch of uncleaved eggs discovered on December 20, 1969 was also placed in a field 
pen, but by Dec 30 all appeared to be dead.  By January 3, no trace of the eggs could be found in the pen.  
The smallest larvae collected outside the field pens were 10 mm SVL, and many larvae ranging from 10-
10.5 mm SVL had yolk remnants.  Recently hatched larvae were found from January to March.  Ireland 
did not list ovarian egg counts for the females he examined, but counts for E. l. longicauda (Hulse et. al., 
2001; Hutchison, 1956) would indicate that the egg clutches he found represented only a fraction of a 
single female’s eggs if the two subspecies are assumed to have similar ovarian complements. 
 Bruce (1970) discovered eggs of E. guttolineata in the process of hatching in a brick springhouse 
adjacent to marshy floodplain in North Carolina.  Newly hatched larvae were found on March 17, 1969 in 
a brick cistern 2.5 ft in length by 2 ft wide and 2 ft high [76.2 by 61 by 61 centimeters].  This cistern was 
covered with a concrete slab and supplied by an underground clay pipe delivering water from an uphill 
seepage.  The springhouse had been recently cleared of debris at the time of his observation which may 
have disturbed the position of the eggs or caused them to wash into the cistern from another oviposition 
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site.  The bottom of the cistern was strewn with empty egg capsules and capsules containing advanced 
embryos.  No attending females were encountered and the eggs were not attached to one another or 
grouped in any recognizable pattern.  There were an estimated 200 larvae and embryos with a mean SVL 
of 11 mm.  
 While egg clutches encountered by previous researchers tend to contain few eggs, ovarian follicle 
counts have yielded greater numbers.  A sample of 15 female E. l. longicauda from Pennsylvania 
revealed a range of ovarian eggs from 33-92 (Hulse et. al., 2001).  Hutchison (1956) reported a range of 
61-106 eggs with a mean of 91.14 from seven gravid females from Virginia.  I dissected 27 females from 
the West Virginia Biological Survey Museum, 15 of which had relatively large ovarian follicles which 
were removed, counted, and measured.  The number of eggs in these females ranged from 28-93 with a 
mean of 62.7.  Therefore, the five E. l. longicauda eggs discovered by Franz and the clutches of seven and 
nine E. l. melanopleura eggs discovered by Ireland likely represent only a portion of a single female’s 
eggs, although I was unable to locate any ovarian egg counts for E. l. melanopleura, so it is possible that 
the number of ovarian follicles varies between the subspecies.  This prompted Petranka (1998) to suggest 
that in some cases females deposit their eggs in multiple locations, although it is perhaps more likely that 
females do not always deposit their entire complement of eggs.  McDowell and Shepherd (2003) reported 
that four mature female E. l. longicauda were found in early spring with large, brownish, collapsed ova 
which had been carried over the winter and not deposited.     
 These previous accounts represent the only published documentation of the eggs of this 
salamander complex so far as I am aware.  Recently hatched larvae have been recorded much more 
frequently however (Anderson and Martino, 1966; Franz, 1967; Mohr, 1943; John MacGregor, pers. 
comm.; McDowell and Shepherd, 2003; McDowell, 1988; McDowell, 1989; Bruce, 1970; Bruce, 1982; 
Ireland, 1974).  Reported sizes of recently hatched E. l. longicauda range from  9-11 mm SVL 
(McDowell, 1989) and 17-20 mm TL (Franz, 1967).  Hatchling E. l. melanopleura measured 10-10.5 mm 
SVL (Ireland, 1974) and recently hatched E. guttolineata had a mean SVL of 11 mm and 11.3 mm at two 
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different sites (Bruce, 1970).  Therefore it appears that size at hatching is very similar, with a possible 
tendency for E. guttolineata to hatch at slightly larger sizes.   
The earliest reference to recently hatched E. guttolineata is March 8 (Bruce, 1970) while E. l. 
melanopleura hatchlings have been found as early as January 11 (Ireland, 1974).  The earliest reported 
date for E. l. longicauda hatchlings is December 3 (Franz, 1967).  McDowell (1989) reports larvae of 
hatchling size in August, but larvae were found to develop slowly and overwinter at this site, possibly due 
to overcrowding.  Hatchlings were not found until March at nearby sites with lower larval densities where 
overwintering was not documented.  This suggests that these smallest larvae were not hatchlings, but 
older individuals with inhibited growth rates. 
 Larval period is highly variable within this complex, most likely due to environmental variables.  
Anderson and Martino (1966) estimated a larval period of 90-100 days for E. l. longicauda in their study 
ponds with an average total length of 41 mm at metamorphosis.  Larvae are frequently first encountered 
around March and appear to begin transforming in June and July, representing a larval period of 
approximately four months (McDowell, 1989; Franz and Harris, 1965; McDowell, 1988; McDowell and 
Shepherd, 2003).  Ireland (1974) reported a larval period of about seven months for E. l. melanopleura 
(Ireland, 1974) with transformation occurring at 23-28 mm SVL.  Bruce (1970) reported a larval period of 
3.5-5.5 months for larval E. guttolineata with individuals transforming at a mean SVL of 24.8 mm.   
Franz and Harris (1965) reported a large aggregation of E. l. longicauda larvae transforming at 
the shore of a lake in Maryland.  They witnessed hundreds of larvae in the water, most of which had 
transformed by that evening.  They measured six specimens which had lost their gills and recorded a 
range from 19-21 mm SVL.  Nine specimens with reduced gills were 18-21 mm SVL.  While other 
sources report larger sizes for recently metamorphosed individuals, Franz and Harris’ data are likely the 
most accurate since they measured specimens immediately after transformation whereas most others 
measured small juveniles without knowledge of the exact timing of their metamorphosis.  The sizes 
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reported by Franz and Harris correspond well with my own measurements of a larval E. l. longicauda 
which transformed in captivity.      
 I did not encounter any recently transformed individuals at Carter Caves State Park until August 
29, 2008.  The individual encountered on this date measured 27.7 mm SVL .  On September 6, 2008, I 
found two more newly transformed individuals measuring 24.9 and 29.3 mm SVL.  Individuals 
measuring 32.1 and 32.5 mm SVL were found on October 24, 2008.  The last newly transformed juvenile 
was found on November 1, 2008 and measured 27.5 mm SVL.  Therefore, it seems transformation 
occurred prior to late August at this location, though it is difficult to say how long this period of 
metamorphosis lasted without data on the growth rates of newly transformed juveniles.  The first two 
individuals I encountered in April 2008 were also juveniles, measuring 29.7 and 29.9 mm SVL.  This 
suggests that the first juveniles encountered in the spring had either metamorphosed relatively recently or 
experienced little to no growth over the winter season. 
 Despite the trend toward a generally shortened larval period, there are published accounts of 
overwintering in larval E. l. longicauda (Franz, 1967; Bishop, 1941a; McDowell, 1989), E. l. 
melanopleura (Rudolph, 1978), and E. guttolineata (Bruce, 1982; Freeman and Bruce, 2001).  Several 
factors are thought to prolong larval development including limited prey abundance (Dodd and Griffey, 
2001; Rudolph, 1978), colder temperatures (Nate Nazdrowicz pers. comm.), habitat permanence 
(Freeman and Bruce, 2001), and overcrowding (McDowell, 1989).   
It is interesting to note that Freeman and Bruce (2001) found no evidence of significant 
temperature variation between populations of E. guttolineata larvae which overwintered and those that 
transformed in one season.  Furthermore, he detected no difference in growth rates of larvae which 
metamorphosed at 5-6 months and those that metamorphosed in 14-15 months.  This seems to indicate 
that even when growth rates are optimal and typical metamorphic size is reached, larval period may be 
prolonged in response to favorable conditions (i.e. aquatic permanence).   However, Anderson and 
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Martino (1966) noted that larvae in their study began to metamorphose before water levels dropped 
significantly and suggested that the shortened larval period may not be facultative in their study 
populations, but genetically fixed. 
While visiting Buckeye Creek Cave in Greenbrier County, West Virginia on September 12, 2008, 
I encountered four E. l. longicauda larvae in a series of rimstone pools.  The first two were located in a 
large pool situated immediately above the stream which flows through the main cave passage.  The water 
in this pool was 11 degrees Celsius at the time and had a pH of 8.5.  These larvae were small and were 
collected to be maintained in captivity to study their growth rates.  Two more larvae were found in a 
smaller pool above and to the left of this first pool, and only one of these larvae was collected.  The two 
larvae from the larger pool measured 13.4 and 13.5 mm SVL and 21.5 and 21.8 mm TL, respectively.  
The larva collected from the smaller pool was larger, measuring 14.5 mm SVL and 24.9 mm TL.  One of 
the larvae from the larger pool died within a few weeks of capture, but the other two continued to grow.  
The growth rates of these two larvae are illustrated in Figure 16.   
I maintained these larvae at a room temperature of approximately 21 degrees Celsius and fed 
them at least twice weekly on frozen brine shrimp.  On November 29, 2008, I measured the surviving 
larvae again, and the smaller larva measured 14 mm SVL and 21.1 mm TL and the larger one measured 
16.8 mm SVL and 29.5 mm TL.  At this time, the pattern of the larger larva had begun to change and it 
was assumed that it was approaching metamorphosis.  On December 15, 2008, this larva had scaled the 
side of its container and was resting on the vertical surface above the water level though it still had small 
external gills.  It measured 18.5 mm SVL and 33.3 mm TL.  On the following day it was found above the 
water level again, but its gills were almost completely absent.  By December 19, it was observed to 
consume one of the many springtails introduced in its container and on December 21, it measured 18.6 
mm SVL and 33.9 mm TL.     
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On January 29, 2009, the smaller larva was measured, but no measurable growth had occurred 
and it was still in an early stage of development.  On February 20, 2009, the smaller larva was found dead 
from unknown causes.  The conditions under which these larvae were maintained were considered to 
represent a best case scenario with warmer temperatures and more abundant food than they would have 
encountered in a cave.  It was hypothesized that this would translate into rapid growth and metamorphosis 
after their capture.  However, it was three months from the time of collection before the larger individual 
metamorphosed and after nearly five months from the time of collection, the smaller individual still 
showed very limited growth.  This seems to suggest that environmental conditions are not the only factors 
influencing the development of E. longicauda larvae.  If these larvae are assumed to have hatched in early 
March of 2008, it would represent a larval period of approximately 9 months for the larger individual and 
a larval period in excess of 11 months for the smaller individual.   
When these larvae were first encountered in the rimstone pools, their sizes corresponded to those 
of individuals 1-2 months old in Anderson and Martino’s study ponds (1966).  This indicates that they 
had survived the majority of the year while undergoing minimal growth.  At the time of their discovery, 
too few larvae were present to suggest that overcrowding had inhibited their growth.  Cooler temperatures 
and limited prey abundance may have been retarding their growth rates, but these issues were addressed 
in captivity and one individual still responded very little in terms of growth and development.   
Habitat permanence may have been an issue however, since several of the rimstone pools where 
these larvae were found appear to undergo periods of drying.  On November 7, 2008, Buckeye Creek 
Cave was visited and while the largest of the rimstone pools was still full, most of the others had dried 
completely.  The pool which had contained the largest larva collected was completely dry and had been 
much shallower than the more permanent pool even when full.  It may have been more prone to 
fluctuations in water level as a result, possibly contributing to the increased growth rate of the larva 
collected there.   
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It is possible that these larvae did not hatch in the pools from which they were discovered 
however, since larvae of E. lucifuga have been observed to migrate from one rimstone pool to adjacent 
pools or streams (Longenecker, 2000; Green et. al., 1967).  The multi-leveled terrace structure of the 
rimstone pools in Buckeye Creek Cave would easily facilitate such movement, and if this is the case, all 
of the E. l. longicauda eggs may have been deposited in the uppermost pools at this site.  These pools 
were very difficult to access due to a low ceiling directly above them, but appeared to retain some water 
on the second visit when most of the others had dried.           
Anderson and Martino (1966) reported rapid growth following metamorphosis with SVLs of 30 
mm achieved by the first winter and 45 mm SVL by the end of the second summer.  The largest sexually 
immature male they examined was 43.1 mm SVL and this appears to be about the size at which maturity 
was attained in their study populations.  The largest immature female they examined was 45.3 mm SVL 
and females 47 mm and larger had developing ovocytes and convoluted oviducts indicating maturity.  
McDowell and Shepherd (2003) found E. l. longicauda in Illinois to mature at 46 and 49 mm SVL for 
males and females respectively, with these lengths being attained at an age of two years.   Ireland (1974) 
reported that male E. l. melanopleura reach maturity between 31 and 43 mm SVL while females mature 
between 33 and 43 mm SVL and noted that they appeared to mature at smaller sizes than the nominate 
subspecies.   
I dissected 27 female E. l. longicauda from the West Virginia Biological Survey Museum to 
examine the condition of the oviducts and found six immature individuals ranging from 48-63 mm SVL, 
although other females as small as 49 mm SVL were mature.  It is interesting to note that the five largest 
immature females were all collected from the same region in Fayette County, WV, which may indicate a 
tendency for individuals to mature at larger sizes in that area.  I also dissected 19 males 50.5 mm SVL and 
larger, all of which were either mature or nearing maturity as evidenced by pigmentation of the testes.  I 
removed and measured the testes of seven of these males, all of which were also collected from the 
previously mentioned Fayette County locality.  These males were collected in 1991 and 1992 with 
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collection dates ranging from March 20 to August 21.  Their testes ranged in thickness from 1.1-1.8 mm 
with specimens collected from July 31 and later possessing the thickest testes, indicating spermatogenesis 
preceding the fall breeding season.  McDowell and Shepherd (2003) reported that mature male E. l. 
longicauda from Illinois had testes approximately 1.25 mm wide in March and May which increased to 
2.25 mm by August and September.  This seems to indicate a similar timetable for spermatogenesis in 
their study populations and the specimens I examined. 
Little has been reported regarding the courtship behavior of the E. longicauda complex, but 
Cooper (1960) documented a partial courtship sequence in a Maryland mine.  This observation occurred 
on October 16, 1955 when he observed a male E. l. longicauda following a female by olfactory cues.  He 
described the male’s movements during the pursuit as erratic and noted that at one point the male moved 
directly under the females chin and then rubbed his head around her anal region, though his description of 
the female’s behavior seems to indicate that she was not receptive to the male’s advances.  Partial 
courtship of E. l. longicauda was also observed at the bottom of a waterfall in a Tennessee cave in late 
September of 2006 (Niemiller, pers. comm.).  Thus it appears that courtship coincides with the movement 
of these salamanders to their underground retreats in late fall when oviposition is imminent.  While gravid 
females and males with pronounced cirri were often found in the fall during the course of my research, no 
courtship behavior was ever observed even when males and females were positioned near each other in 
attempts to stimulate such activity.   
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Figure 14:  E. l. longicauda larvae from Buckeye Creek Cave at different stages of development. 
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Figure 15:  E. l. longicauda larva near transformation. 
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Figure 16:  Growth rates of E. l. longicauda larvae. 
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Chapter 9:  Sympatric Species 
While investigating caves for E. l. longicauda, a variety of other amphibians were encountered.  
These sympatric species included E. lucifuga (Cave Salamander), E. cirrigera (Southern Two-lined 
Salamander), Plethodon kentucki (Cumberland Plateau Salamander), P. richmondi (Ravine Salamander), 
P. hoffmani (Valley and Ridge Salamander), Gyrinophilus porphyriticus duryi (Kentucky Spring 
Salamander), Pseudotriton r. ruber (Northern Red Salamander), Ambystoma jeffersonianum (Jefferson’s 
Salamander), Rana palustris (Pickerel Frog), R. catesbeiana (Bullfrog), R. clamitans melanota (Green 
Frog) and Bufo americanus (American Toad).  Most of these were not seen consistently in the caves and 
probably represent occasional migrants to the hypogean systems rather than long-term residents.  
However, P. kentucki, E. lucifuga, and R. palustris were encountered in caves quite frequently.      
While long considered separate species, E. longicauda and E. lucifuga share many similarities in 
their natural history, habitat preferences, and appearance (Petranka, 1988; Hutchison, 1956).  The two 
species likely compete for food in many situations where they occur together and several authors have 
conducted research on this topic (Hutchison, 1956; Woolley, 1970).  In some cases, it is thought that the 
two species have even hybridized (Smith, 1964) although this is not well documented and does not appear 
to be a typical occurrence.   
Peck (1974) has conducted detailed studies of E. lucifuga’s diet and found them to be very 
successful generalists, even in caves with species which might potentially compete with them.  Woolley 
(1970) examined the gut contents of seven E. lucifuga and six E. l. melanopleura and found no significant 
differences other than a greater occurrence of beetles in the E. l. melanopleura.  Longenecker (2000) 
found that spiders and flies made up the majority of E. lucifuga’s diet in WV caves.  When these results 
are compared with Anderson and Martino’s (1967), it seems that E. longicauda and E. lucifuga have 
remarkably similar dietary preferences in hypogean situations.  Hutchison (1956) examined the gut 
contents of 10 E. l. longicauda and 13 E. lucifuga from Virginia caves.  Dipterans were the most abundant 
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prey item consumed by each species and while some differences were noted, the same food items were 
generally found to occur in each species.   
This suggests that E. lucifuga and E. longicauda might compete in caves where they are 
sympatric due to their dietary similarities.  Hutchison (1956) reported that when the two species occurred 
together in Virginia caves, one was typically in greater abundance than the other.  In my trips to caves in 
Greenbrier County, West Virginia, this same trend was noticed.  On the first visit, Buckeye Creek Cave 
was found to contain E. l. longicauda throughout the cave, but only one E. lucifuga was encountered near 
the entrance.  Longenecker (2000) found E. lucifuga larvae in a series of rimstone pools here in 1999.  
During my visit, I located four E. l. longicauda larvae in these same pools, but no E. lucifuga larvae were 
encountered in this cave at the time.  Higginbotham’s Cave #1 was visited next and found to contain 
several E. lucifuga, but no E. l. longicauda.  On another visit, Casey Bartkus (pers. comm.) reported 
finding many E. lucifuga in Higginbotham’s Cave #2, but no E. l. longicauda.  Therefore it would seem 
that E. lucifuga’s presence in this series of caves excluded E. l. longicauda with the opposite trend 
occurring in Buckeye Creek Cave.  However, Casey Bartkus visited Rt. 219 Cave and Norman Cave in 
Greenbrier County on September 26, 2008 and reported finding each species in approximately equal 
numbers near the cave entrances, so it would appear that the abundance of one species does not 
necessarily exclude the other.   
While I never encountered E. lucifuga at Carter Caves State Park, they have been reported from 
that area by others who are knowledgeable enough to distinguish the species from E. l. longicauda (John 
MacGregor, Dr. Tom Jones, and Scott Morgan pers. comms.).  Considering the abundance of E. l. 
longicauda in that area, it is possible that this represents a scenario where E. lucifuga numbers have been 
reduced by inter-specific competition.  However, movement over relatively long distances has been 
reported for E. l. longicauda (Mohr, 1944) and E. lucifuga (Camp and Jensen, 2007; Peck and 
Richardson, 1976).  Considering the seasonal nature of these migrations for each species, it is possible 
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that variations in counts which have been attributed to actual abundance are actually due to migrations 
affecting the percentage of the visible population.                                  
  Plethodon kentucki, the Cumberland Plateau Salamander, has not been thoroughly studied from 
a natural history perspective, possibly due to its relatively recent acceptance as a valid species.  Highton 
and MacGregor (1983) presented electrophoretic evidence for separating Plethodon kentucki from P. 
glutinosus and Marvin (1996) and Bailey and Pauley (1993) have published the only subsequent studies 
of this species’ life history.  While this species is frequently encountered in forest floor habitat throughout 
its range, its occurrence is not documented in caves (Petranka, 1998).  However, it appeared to be the 
most abundant salamander species within some of the cave systems examined during this study, and small 
juveniles were frequently located within the caves, suggesting reproduction in the subterranean 
environment.   
One hundred sixteen P. kentucki encounters were documented during this study period in Carter 
County, Kentucky.  While there were a few trips in late 2007 that did not include counts of P. kentucki, 
this number should closely reflect the actual number encountered during this time.  The number of P. 
kentucki and E. l. longicauda encountered in Cascade Cave and the Underground Waterfall in 2008 are 
shown in Figure 171.  These salamanders were commonly found on cave walls, in rock crevices, and 
beneath stones on the cave floor.  While they are considered terrestrial salamanders, their climbing ability 
is well developed and the populations associated with the study caves were found to have prehensile tails 
capable of supporting their body weight.  The feet also appear modified for scaling rock faces, having 
wider toe discs and partial webbing between the digits.   
On one occasion two large adult P. kentucki were found beneath the same rock as a single E. l. 
longicauda, but multiple P. kentucki were not observed to inhabit the same refugia on any other 
occasions.  Plethodon kentucki were found to be synoptic with R. clamitans and E. l. longicauda on other 
occasions.  Despite the abundance of E. l. longicauda and P. kentucki in some caves, there is little 
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evidence to suggest direct competition between them.  No specimens were found which appeared to be 
malnourished and each species was frequently located in close association with the other.  Peck (1974) 
found that E. lucifuga and P. glutinosus avoided direct competition when they were sympatric in caves by 
consuming different invertebrate taxa.  Considering the similarity of these species to E. l. longicauda and 
P. kentucki respectively, this may be the case where they are sympatric as well.   
While it could be argued that the greater number of E. l. longicauda observed indicates their 
increased success in the caves, this is not necessarily the case.  The E. l. longicauda in this study were 
photographed for individual pattern recognition and it seems that many individuals encountered in the 
caves were somewhat transient inhabitants whereas the P. kentucki are likely more restricted in their 
movements due to their more territorial nature.  While individual recognition of P. kentucki was not 
attempted, large adults were frequently located in close proximity to previous encounter sites, suggesting 
relatively small home ranges and limited movement between visits.  Specimens were often encountered 
with broken or partially regenerated tails, and it is hypothesized that this was due to intra-species 
aggression since the cave environment was not found to harbor many potential predators of salamanders.   
Rana palustris was often encountered in Cascade Cave and the Underground Waterfall although 
they were not detected here after late October 2008.  Individuals were found in Sandy Cave even into 
December when no other amphibian species could be detected in the caves.  In this case, it seemed that a 
few individuals were overwintering in a small seep entering the rear of the cave passage.  Due to the 
abundance of salamanders and invertebrates at this location earlier in the year, it seems likely that this 
area was near the surface although no opening existed large enough for human exploration.  Rana 
catesbeiana was only seen at the flooded entrance to Sandy Cave and nowhere else during the course of 
this study.  While the species seemed abundant at this location on earlier trips, it was not detected here 
after early October 2008.  A single R. c. melanota was found at the same location on November 1, 2008, 
but R. palustris was the only frog species located after this date, and they were farther in the cave system 
where conditions were more stable.   
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Fenolio et al. (2005) also report on R. palustris utilizing subterranean habitat during the winter 
months in an Ozark cave.  While they found little evidence to suggest that R. palustris was preying on 
other organisms in the Ozark caves, I think that the abundance of R. palustris in my study caves for most 
of the year necessitates their consumption of some members of the cave fauna.  Woolley (1970) observed 
a small R. catesbeiana attempting to capture a juvenile E. l. melanopleura and found that R. palustris 
remained in one of his study caves for a period of six weeks, during which time he assumed they were 
preying on juvenile and larval salamanders.  Lee (1969) reported an adult Gyrinophilus palleucus 
(Tennessee Cave Salamander) in the stomach of a single R. catesbeiana collected from an Alabama cave 
and witnessed another R. catesbeiana consuming a large crayfish in a cave.  It seems probable that one or 
all of the large frog species found inhabiting caves in eastern Kentucky would prey on sympatric 
salamander species if given the opportunity, although direct evidence is lacking.   
Bufo americanus was occasionally encountered in Cascade Cave or the Underground Waterfall, 
but always relatively close to the entrances of these caves.  During one encounter, this species was 
observed to feed on cave crickets near the entrance to the Underground Waterfall.  Bufo fowleri, the 
Fowler’s Toad, was observed on a few occasions in surface habitat near the welcome center, but this 
species was never observed in any caves or even in surface habitat near the Cascade Cave system.    
Eurycea cirrigera, the Southern Two-lined Salamander, was only located once in a cave during 
the course of this study.  A single individual was found near the entrance to Cascade Cave although this 
species was found to be very abundant in and around the large stream near the park’s welcome center.  
This species was not found to inhabit the caves as frequently as expected, although some of the more 
aquatic cave environments were not searched frequently and this species may have been more prevalent 
in and around cave streams. 
Plethodon richmondi was extremely abundant in surface habitat throughout the spring and could 
generally be located by flipping nearly any cover object around the welcome center.  Its disappearance in 
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late spring seemed to coincide with the emergence of E. l. longicauda from their winter retreats.  
Plethodon richmondi was encountered once in the Back of Cascade Cave, although it was in close 
proximity to the entrance and its location would best be described as an extension of the surface habitat.  
The closely related P. hoffmani was found in Lost World Caverns in Greenbrier County, WV in 
November 2008.  It was near the bottom of a vertical shaft about 36.6 meters deep and Ambystoma 
jeffersonianum was also encountered at this same location.  Neither of these species is typically 
considered troglophilic although both have been reported from this cave for decades (Cooper, 1961).  It 
seems that the opening above the large vertical shaft may serve as a pitfall which introduces species not 
typically associated with caves into this environment.     
Gyrinophilus porphyriticus and Pseudotriton r. ruber  have both been reported from caves 
previously, and Gyrinophilus p. duryi, the Kentucky Spring Salamander was originally described from the 
Underground Waterfall at Carter Caves State Park.  These species were occasionally encountered in the 
study caves although they were generally found more often in the surface habitat.  The exception to this is 
adult G. p. duryi, which were seldom encountered on the surface but seen with some regularity in various 
caves.  Larvae of each species were present in the various streams and springs examined on the park 
property, and many newly metamorphosed P. ruber were found over the summer of 2008 near the 
welcome center.   
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Figure 17:  Monthly counts of E. l. longicauda vs. P. kentucki.  
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Figure 18:  Prehensile tail of Plethodon kentucki. 
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Figure 19:  E. lucifuga from Norman Cave. 
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Figure 20:  Pseudotriton r. ruber larva from Sandy Cave. 
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Figure 21:  P. kentucki from Cascade Cave. 
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Figure 22:  R. palustris from Cascade Cave. 
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